Demonstration of synergism between trimethoprim and sulfamethoxazole against 10 Nocardia isolates was found to be critically dependent upon the isolate, the duration of incubation, and the trimethoprim-sulfamethoxazole ratio. Inoculum effect was not significant. The trimethoprim-sulfamethoxazole ratio in the commercial, fixed-dose combination was found to contain too little trimethoprim to be optimal for Nocardia.
Failure of many cases of nocardiosis to respond to therapy has prompted a continued search for more effective chemotherapeutic agents. Because sulfadiazine and its congeners have been the most effective drugs, introduction of the combination of sulfamethoxazole (SMZ) and trimethoprim (TMP) soon led to its evaluation in nocardiosis. Anecdotal accounts of success (1, 2, (8) (9) (10) (11) (12) have been encouraging, but these reports failed to prove whether or not TMP contributed to the successful result. In vitro studies have been conflicting, with four studies finding synergism between SMZ and TMP (3, 5, 9, 11) while another did not (4) . All the studies have agreed that the minimal inhibitory concentration (MIC) of TMP alone was high, usually 20 to 50 gg/ml, compared to the obtainable blood levels of the drug. For example, peak TMP blood levels following administration of 160 mg were 1.5 pg/ml (13) . The reason for these discrepant results between laboratories has been unclear. The current study evaluates methodological factors influencing assessment of TMP-SMZ synergism in Nocardia and offers an explanation of the previous discrepant results.
MATERIALS AND METHODS
Isolates. Source and identity of the Nocardia isolates is given in Table 1 . Species identification was achieved by colony morphology, partial acid fastness, casein hydrolysis, and assimilation of tyrosine, xanthine, and hypoxanthine.
Identity of isolates 3 and 10 was confirmed by Ruth Gordon, Rutgers University, and that of isolate 9 by the Center for Disease Control, Atlanta, Ga.
Inocula. Isolates were maintained by weekly subculture on blood-yeast extract (Difco Laboratories, Detroit, Mich.). Prior to use, the isolates were subcultured into Middlebrook 7H9 broth and incubated at 37°C for 4 Muelier-Hinton agar for SMZ and TMP susceptibility testing was determined by comparing the results in isolates 5 and 9, using Mueller-Hinton agar both with and without the addition of 7.5% lysed horse blood. Growth of one isolate was slightly less in the bloodcontaining agar, and small amounts of growth were more difficult to see in blood-containing agar because of the darker color. Growth inhibition by TMP, SMZ, and three combinations of TMP and SMZ was not influenced by the addition of horse blood.
NOCARDIA SUSCEPTIBILITY 625 incubation, are shown in Fig. 1 and 2 . With the low inoculum and 2-day incubation, all isolates were susceptible to SMZ at concentrations less than or equal to 6.25 ,ug/ml. Under those same conditions, only 1 of 10 isolates was susceptible to concentrations of TMP readily obtainable in serum, i.e., 1.5 ,ug/ml. With both TMP and SMZ, high inocula and prolonged incubation decreased the magnitude of drug effect.
Three different mixtures of TMP and SMZ were also studied. The TMP-SMZ ratio of 1:20 often has been used in susceptibility testing because this approximates the ratio of the serum drug concentrations when the commercially available fixed-dose combination is administered. This weight ratio of TMP-SMZ and two other mixtures, containing 8 and 64 times as much TMP, were tested for their MIC. The MIC was used to determine the fractional inhibitory concentration (FIC) (6) of each component of the mixture. Then the sum of the two FICs was determined, a number which Elion et al. have termed the "FIC index" (6) . Results are given in Tables 2 and 3 . An FIC index of 1.0 indicates an additive effect, whereas a higher index designates antagonism and a lower index, synergism. For example, if inhibition was achieved when each component was used at a concentration equal to 1/4 MIC of the component tested alone, the FIC index would be 0.5. This will be termed here "definite synergy." Conversely, were each drug needed at a full MIC in the mixture, the FIC index would be 2.0. This will be termed "definite antagonism." The results show that two factors favored demonstration of synergy: increased TMP in the mixture and prolonged incubation. Modification of TMP concentration had the greatest effect. At the highest TMP-SMZ ratio, definite synergism could be shown with eight or nine of the isolates, using three of the four test conditions. With the lowest TMP-SMZ ratio, definite synergism was seen in only two to five isolates with any of the four conditions, and one to two isolates showed definite antagonism.
A four-way analysis of variance was done (through the kind assistance of David Alling) to ascertain the relative contribution of the various factors in the experimental design to the variability observed in the FIC index. Inoculum effect was not significant (F < 1; df 1, 106; P > 0.25). As might be expected, similar analysis showed the major sources of variability to be the TMP-SMZ ratio, duration of incubation, and isolate. Details of the analysis are provided in Table 4 .
DISCUSSION
The results in Tables 2 and 3 Fig. 1 and 2) . The results in Tables support such results (14) . These investigators 2 and 3 also suggest that the relative nonsuscep-used agar dilution, an inoculum of 100 colonytibility of Nocardia species to TMP, compared forming units, Mueller-Hinton agar, and 2 days with bacteria, made the use of the usual TMP-of incubation. Although TMP alone was not SMZ ratio of 1:20 inappropriate for Nocardia. tested, the MIC of TMP-SMZ at a ratio of 1:20 This phenomenon was studied by Bushby in 21 was more than twofold less than SMZ alone in isolates of Nocardia (5) . Although the species, less than 10% of strains.
inoculum, and incubation time were not noted, Of all the factors influencing the demonstrathe results well demonstrated the effect of the tion of synergy against Nocardia species, ther-TMP-SMZ ratio on synergy. The FIC index was apeutic relevance is most obvious with the cO.5 in all 21 isolates with a TMP-SMZ ratio of TMP-SMZ ratio. 
